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2. Abstract

This Quality Assurance Project PlaQAPP detailsStatus and Trends Monitoring of Urban
Streams irClark and Cowlitz Countieis theLower Columbia RegiofLower Columbialrban
Streams|.CUS, hereafteras part of Stormwater Action Monitoring (SAM) progra®AM is

the regional stormwater monitoring prograption in thePhase | and the Western Washington
Phase Il Municipal Stormwater persnigherein, permits)

This LCUS study is funded by the Permitteée<Clark and CowlitzZCountieswho chose to the
permit optiors to collaborateandcontribute fundingzia SAM pooled finds managed by Ecology
as a Privatd.ocal Accountfor regionalthis receiving water status amigendsmonitoring.
ThePermittees participating in thigrojectare Clark and Cowlitz Countietfje Cities of Camas,
Longview, Vancouver, Battle Ground, KelsmdWashougaglandthe Washington State
Department of TransportatigtVSDOT). Clark County igerforming thestudyunder &
Interagency Agreement (IAA) with Ecology

This status and trends studydesgned toanswerthe questionfiAre regional conditions in
receiving water quality and biota improving in concert viaitbad implementation of required
stormwater management practio@s?

The LCUS study will follow the protocols developed for thegming statewide stream health
monitoring progranStatus and Trends Monitoring for Watershed Health and Salmon Recovery
(WHSR)for physical habitaandbiological measurement$o better capture the stormwater
related hydrologic and water chemistry changes, this study will monitor watertkEwplerature

and conductivity continuously for one full water year from each samplieg si

This QAPP ensures quality data lsmition,analysis reporting,and managemewf the
monitoring programo answer this question



3. Introducti on

The 2013National Pollutant Discharge Elimination System (NPDEShicipal Stormwater
(MS4) Permits ncluded a new regional stormwater monitoring progf&tormwater Action
Monitoring, or SAM that includes effectiveness studissurce identification projectand

status and trendsonitoring instormwater receiving water$he purpose of thstatus and trends
monitoringist o answer t h eArgreglonalccgnditopns énseceiviogwater fiuality
and biota improving in concert with broad implementation of required stormwater management
pr act Eoolegy Wodedwith stakeholders irhe Lower Columbia Regioduring the 2013
permit cycleto developareceiving water monitoringtudythat wauld be implemented in the
2019permit cycle.The permitteedn the Lower Columbia Regioare: Clark andCowlitz
Countes;the Qties of Camas, Longeiw, Vancouver, Battle Ground, KelsmdWashougal

and WSDOT.

The LCUS s a separate, staralonestatus andrénds regional monitoring study, as part of the
SAM program.

The study boundarid§igure J arethe permit areas in the LowéZolumbia River region,
includingthe urban and urbanizing areas of the jurisdictiorSlafk and Cowlitz Counties, and
the cities of Camas, Longview, Vancouver, Battle Ground, Kelso, and Washougal.

In 2012, the City of Longview received a grant from lgy to assist in the development of the
broad LC HSTM effort. Background information and the foundational monitoring design for this
Quiality Assurance Project PIaQAPP) wasagreed upoim a collaborative effort by the Lower
Columbia Fish Recovery BoatdCFRB), the City of Longview, the oth@ermittees, Ecology,
andother Lower Columbia River Bas{Program)partnersncluding but not limited to:
U.S.Bureau of Land Management

Cowlitz Tribe

Columbia Habitat Monitoring Program

National Marine Fisheries Service

Oregon Departmerttf Environmental Quality

Oregon Department of Fish akidldlife

Pacific Northwest Aquati Monitoring Partnership (PNAMP)

U.S. Forest Service

U.S. Fish and Wildlifé&service

U.S. Geological Survey

Washington Depament of Fish and Wildlife

Washington Depantent of Natural Resources

= =20 _0_9_9_95_°_2_-2_-2°._--2-

Most of the LC HSTM is focused on areas outside of urban areas, and on salmon habitat and
recovery effortsThe Program partne@main gal was to develop a stakeholder integrated
approach tenonitor status and trendlsroughouthe Lower Columbia RiveRegion The initial

work focused on the Washington State partners, howtkgsepartners have interest in
coordinating with efforts in Ogon State.



Urban Stream Monitoring Study Boundaries
in the Lower Columbia River Region

Figurel. Map of urban stream monitoringtudy boundaries in thd.ower Columbia River Basin




Scope of this Quality Assurance Project Plan

This studyfocuses on streanis the urban and urbanizing areaxlis intended to answéhe
stormwater management questidne regional conditions in receiving water quality and biota
improving in concert with broad implementation of required stormwater management practices?

This QAPPprovidesthe basis for the CUS regional receiving watenonitoringstudy.This
QAPPoutlinesthe requiredyuidance and protocots be followedn measuing indicatorswith
sufficient precision and statisticabar to adequately characterithee statusandtrends of small
urban streams’he QAPP includesoies and responsibilitigsr theinitial study leadClark
County) and study partnerdhis QAPP includes

1 Study design, goals and objectives
Samging and measurement procedures
Typeof data and information needed
Quality of data needed
Quality control (QC) and assessment procedures
Data managememnd interpretation procedures

E R

This QAPP is modified from subsections of: the draftH€TM QAPP(Stillwater, 2016a)and
Status and Trends Monitoring of Small Streams in the Puget Lowlands Ecoregion QAPP
(Lubliner, 2014)In addition to theeports, data, and otheeliverables articulated in this QAPP,
the LOJS monitoring resultsanalsobeintegrated into larger regional monitoring effort
includingthe broadet.C HSTM effort to assess th&tatus ad trends of stream habitat
conditions across the Lower Columbia Riasin That workto integratd_CUS into the LC
HSTM may be conducted septaiy by regionapartners ands outside the scope tfis QAPP.

4. Project Overview

ProjectGoal

The goal of this study is to characterize chemical, biologiwyal;ologicaland habitagttributes
of urbanand urbanizingtreams in Clark and Cowlitz Couediin the Lower Columbia River
region, and to assess trends over time.

ThisQAPPi ncl udes a set of fAbased and fiextendedo
indicators will be collected to provide an understanding of urban stream health conditions across

the project areand to answer questions abstdtus and¢hanges in regionatream conditions

over time.Extendedparametersif collected,will add information to the base monitoring

inform local stormwater management decisions and the public as to broader urban stream health

and water quality conditions.

The monitoring olgctives and questions for this study were developed as part of the LC HSTM
monitoring implementation plan (Stillwater Sciences, 2016athmtJrbanrArea Water Quality
and Quantity component.



Objectives

Objective 1- What are the status and trends otevauality and hydrology in surface waters
draining subwatersheds that are primarily within urban and urbanizing areas under the
jurisdiction of municipal stormwater NPDEf#®rmittees?

1. a In streamswithin these areagvaluate the status of watgunality canditions and
determine if conditions are supportive of watershpecific beneficial uses
identified in WAC 173201A-602.

1. b In streams within these areas, evaluate whether measureeqwaliéy metrics
show statistically significant trends over time

Objective 2- What are the status and trends of water quality, hydrology asttieam

biological health that are subject to stormwater discharges from urban areas first developed
under requirements of the 2013 municipal stormwater pewhiish were impleranted

January 8, 2016(recognizing that such areas are limited and will likely require

opportunistic selection from the larger population of sites identified for Objective 1)?

2. a Evaluate status of measured wagerlity, hydrologymetrics, andn-stream
biological healthin those subwatersheds that have experienwssurabléand-use
changes while under provisions of the 2048dlater) municipal stormwater
permit

2. b In the sample population of Objective 2.a, evaluate whether measured water
quality, hydrdogy metricsand instream biological health show statistically
significant trends over a 3ykar period in those subwatersheds that have
experienceaneasurabléand-use changes while under provisions of the 2@h8l (
later) municipal stormwater permit.

Objective 3 What are the status and trends e$iream biologicahealth,sediment quality
and instream/riparian habitat conditions that are primarily witidman and urbanizing areas
under the jurisdiction of NPDE&ermittees?

3. a In streams within these areas, evaluate the status of biological and habitat
conditions according tapplicablehabitat metrics

3. b In streams within these areas, evaluate the staesdahent quality in comparison
to sediment chemistry standaresgy, sediment cleanup objective, cleanup
screening level) or to appropriate reference conditions.

3. ¢ In streams within these areas, analyze for statistically significant spatial and
temporal trends ibiological habitat metricand sediment quality



5. Organization and Schedul e

Roles and Responsibilities

Clark County will lead th& CUS monitoringstudyunder an IAA with EcologyTheother
permittees will contribute to thEAM pooled funding account and providecillary data for
analyses anddditional assistance as neetledupport thenonitoring conducted at streanms
watersheds arsavithin their jurisdictionsTable 1 lists the titles and responsibilitadgroject
staff.



Tablel. Titles and responsibilitiesof project staff

Staff Title Responsihilities
Jeff Schnabel
Clark Count LC Urban Streams |Oversees all LC Urban Streams project staff and serves as the pr
ar unty Principal Investigatqlliaison to the SAM Scientist.

Jeff.Schnabel@clark.wa.gov

Chad Hoxeng Finalizes the QAPP. Oversees field sampling and transportation o
LC Urban Streams |samples to the laboratory. Conducts QA review of data. Analyzes

Clark County P Y ucts QA review vz

Chad.Hoxeng@clark.wa.gov

Project Manager

interprets data. Oversees entry of data into EIM. Writes the draft r
and final reportMay also serve as Field Lead.

Marlee Milosevich
Clark County

Marlena.Milosevich@claark.wa.gg

Monitoring
Coordinator and LQ
Urban Streams Field

Y% Lead

Reviews the project scope and budget, tracks progress, reviews f
draft QAPP, and approves the final QAPP. Oversees all field work
ensures crew safety.

Bob Hutton

Clark County

Bob.Hutton@clark.wa.gov

LC Urban Streams
Data Coordinator

Coordinates upload of data to required databases with the
Environmental Information Management database (EIM) Data
Coordinator.

Ben Joner

Clark County

Benjamin.Joner@clark.wa.gov

LC Urban Streams
Field Assistant

Helps make field measurements, collect samples and prepare ther]
shipping, manage continuous data, maintain instruments, and rec
field information.

Keunyea Song
Ecology Water Quality Program
kson46l@ecy.wa.gov

SAM Scientist

Manages the contract between Ecology and Clark County. Coordji
Ecology review of the QAPP and reports. Approves the final QAPH
allrequired deliverables.

Brandi Lubliner
Ecology Water Quality Program

brwa461@ecy.wa.gov

Ecology QA
Coordinator

Reviews the draft QAPP and approves the final QAPP.

Jack Janisch
Ecology EAP Section

Jack.Janish@ecy.wa.gov

Watershed Health
Data Coordinator

Coordinates with LC Urban Streams Project Manager to upload of
data to required databases.

Howard Holwes
ALS, Kelso

Howard.Holmes @alsglobal.com

Contract Laboratony
Project Manager

Reviews draft QAPP and coordinates with ALS Quality Assurance
Coordinator as needed.

Robert Wisseman

Aquatic Biology Associates, Inc.

Contract Laboratony
Project Manager

bob@aquaticbio.com

Reviews draft QAPP and coordinates with ABA Quality Assurancg
Coordinator as needed.

Training and Certifications

The monitoring team members and staff will assist with coordination and procurement of
equipment and supplieBlonitoring team members must complete all required and necessary
training for field work and safety.
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LCUSFieldlead, crew members, and othelylkstaff will participate in a fieldbased training for
watershed health sampling provided bihieseEcol ogy
trainings areheldeach yeaprior tothe first summer stream benthos, sediment chemistry, and
watershed health sampling event. This activity involves handsaining at a field monitoring

site to ensure comparability of results for monitoring efforts.

Any necessary training faoftware uses and programs related to field monitoring, data analysis
and data submittal will be completed before monitoand throughout the monitoring period as
neededTraining should be ongoing as neededta$f changesAstechnologyadvancesnew

data collection/QAdnalysis toolsnay inprove the study implementation.

Reports and Deliverables

Clark County will prepare and subméports as outlined in the IAA with Ecology. Table 2
below lists expected reports and data submittals fot@éS overthe life of the project.

11



Table2. List of required reports and data entry, due dates, and descriptions

Report Type/Title | Target date | Description
Monitoring preparation reports
Memo summarizing activity related to updating Table 6. Final sit|
Site verification report and detailed information including exact coordinates and lands
and final Table 6 and 31-Jan-20 information. Detailed reasons given for any locations changed
Figure 2 sites disqualified from the studyssignment of sites as either
status or trend, and planned dates of active monitoring.
Memo summarizing MS4 Permittee discussions about project b
Extended monitoring and prioritizing extended parameter sampling plans and other
report and final Tables 31-Mar-20 activity related to updating Tables 7 and Hihal list of exended
and 11 monitoring parameters that will be collected during the five-year
study.
Revised completed QAPP, responsive to all comments from
Final QAPP 30-Jun-20 Ecologyds MS4 NPDES Permit Mg

site verification report and extended monitoring report tables.

Annual monitoring reports

Watershed Health
Training

Spring 2020 and as neede
thereafter for new staff

Statement of field staff trained to prepare for upcoming year of
monitoring.

LC Urban Streams
Annual Reports

May 31 each year beginnin
in 2022

Annual data summary report with tables and figures summarizir
results for the prior water year. The results include status
assessments; identifying spatial and other patterns; and analy
natural and anthropogenic indicators that explain variability (se
Section 12.4).

Status and trends reports

LC Urban Streams
Status and Trends
Reports

May 31 each year beginnin
in 2025

Beginning after 4 water years of data collection, in addition to tH
annual monitoring reports, a report summarizing: all prior status
assessments; trend assessment for trend sites; identification
spatial and other patterns; and analysis of natural and
anthropogenic indicators that explain variability.

Data Entry or Upload to

Indicated Database

Entry of Study ID ang

indicators to EIM

monitoring locations 31-Dec-20 Sampling location coordinates and descriptions entered.
into EIM
Entry of bilogical datg Annually All quality assured and quality controlled lab data and modified
into PSSB version for data analysis if necessary.
Entry of laboratory Annually All quality assured and quality controlled lab data and modified
results into EIM version for data analysis if necessary.

. uality assured and quality controlled finalized data; pressure
Upload of continuou Qualty q y. . p.

temperature corrected data; and all calculated flow indicators. A

data and flow Annually

the first year, this may be done less frequently if approved by
Ecology.

Adaptive Management Reports

Memo summarizing
need and justificatio
for change to any
aspect of this

As need is determined by th
LC Urban Streams Principal
Investigator and Program
Manager

monitoring program

Submit for Ecology approval. Stakeholder discussion and agre
may be needed to proceed with recommended changes detern
to be substantivé.e., to the study design approach or paramet
list.

12



6. Experi ment al Desi gn

StudyArea Description

The gudy includegheurban and urbanizing areas of flease | and Phasertunicipal
permitteesn Lower ColumbiaRegion Figure ). All of these areas are in the Willamette
lowlandsultimatelydraining tothe Lower Columbia River

Fornearly twodecads, theMS4 Permitdssued tocities, countiesand WSDOT haveequired
permittees to reduce stormwater runoff and pollutants through théogevent and
implementation otormwater management p&aiSWMPs)using new approaches to improve
theper mi tt ees 0 manage men MSdddreduei flews &dnd cogtamsnants.o
Underpermit requirements;lark and Cowlitz Countieshe Cities of Camas, Longview,
Vancouver, Battle Ground, Kelso, and Washougatl WSDOTareimplementing measurés
promote stormwater stewardship through public awareness, new local ordiaadces
development standardasndoperate the MS4

SamplingSte Selection
LCUS sites and their associat€trk Countysite codes are listed in Table 3.

Sampling sites areeeded fobothstatus assessment and trend assessmerhigstudy, 22
sites have been selectdige sitesthat will be visitedor annualmonitoring throghout the study
period(called trend sites hereaftemd17 sites thatill be monitoredfor a single year withia
five-yearsamplingcycle underotating panel desigftalled status sites hereafter)
Approximately20% of the statussites will be monitored each yeduring thefive yearsof the
permit cycle.Note that sampling sites including trend sites and status sites will be used for
annual status assessment.

Siteselectioncriteriaincluded

1 Each andidate streameachsegment should havepaedominant urban land covdrased
on 2016 NtionalLandCoverDatase) greater thar25% urbarzed in thecontributing
watershed

o GrowthManagemenfct (GMA) designatedirban areg which could include
norturban aregswvere also considered as counting towardutib@anpercentage.

1 Each andidate streameachsegment should hawwewatershedirainage arebetween 0.5

and D square kilometerkm?).

A total of 24 candidatestream segmesthatgenerally meet theelection criteriavereidentified
Two sites are designated as alternate sites and will only be monitored if any site becomes
unsuitable for monitoring in the future.

Severalpreexisting local sampling sitethel e gacy s i toardy@nddhe @yO0fl a r k

Vancouve) meetingthese criteriavere includedgiven their preexisting daendknown
accessibility.

13
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Six legacy sitesre incorporated in this study:
1 Trend sitesCougar CreekGGR02(Q andMill Creek (MILO10)
1 Status sitesCurtin Creek CUR020Q, Gee CreekGEE®O0), Whipple Creek (WPLO65),
andBrezee CreekBRZ010

Table3. Locationfor all sites selected fostatus andtrend monitoring of urban streams in Clark and
Cowlitz Counties in the Lower ColumbRiver Region

Clark County
Stream Site Code LAT LONG

" Burnt Bridge Creek [BBCO050 45.63469  -122.62401
-*(% Campen Creek CMPO010 4557714  -122.3153
= Cougar Creek CGR020 45.70744  -122.6827
E Mill Creek MILO10 4573306  -122.6275
Westover Creek WST020 46.16571  -122.9201
Allen Caynon Creek [ALN040 45.8494 -122.7203
Cold Creek CLDO010 45.66208  -122.6679
Currie Creek CREO010 45.62874  -122.4392
Curtin Creek CURO020 4572227  -122.5908
Dwyer Creek DWY020 45.63247  -122.4615
Fisher Creek FSHO020 4559223  -122.4881
@ Gee Creek GEEO050 4579967  -122.7706
% Indian Creek INDO10 46.1653%  -122.9687
§ LaLonde Creek LALO40 45.7072 -122.637
% McCormick Creek  [MACO050 45.85124  -122.6918
Packard Creek PCKO010 4575019  -122.7113]
Rockwell Creek RCWO010 4571838 -122.6394
Suds Creek SUDO010 4570957  -122.6699
Tenny Creek TENO55 45.69352 -122.6511
Whipple Creek WPL065 4573754  -122.6924
Woodburn Creek WBNO030 45.60404  -122.3867
Woodin Creek WDNO10 45.7427 -122.5466

(]
g g Brezee Creek BRZ010 45.8606 -122.6696
% ? Morgan Creek MOROQ05 45.75739  -122.5069{
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National Land Cover Data (NLCD) Imperviousness daéi.6)for LCUS sitesare listed in
Table 4.

Table4. 2016 National Land Cover Data (NL@BDperviousness datand drainage aredor all sites
selected forstatus andtrend monitoring of urban streams in Clark and Cowlitzounties in the Lower
Columbia River Region

Clark
Stream County Sitg % Impervious| Drainage Ared
Code Watershed (km2)
@ Burnt Bridge Creek|BBC050 86.0 22.(
) Campen Creek CMPO010 47.4 5.3
o Cougar Creek CGRO020 97.1 7.5
E Mill Creek MILO10 50.0 30.1
Westover Creek  [WST020 51.9 3.3
Allen Caynon CreefALN040 31.1 9.4
Cold Creek CLD010 99.4 6.1
Currie Creek CREO10 42.8 6.4
Curtin Creek CURO020 78.8 21.0
Dwyer Creek DWY020 58.8 12.8
Fisher Creek FSHO020 66.0 2.9
4 Gee Creek GEE050 34.8 24.Q
) Indian Creek INDO10 29.1] 1.0
= LaLonde Creek LALO40 98.9 3.8
g McCormick Creek [MACO050 21.7 10.6
Packard Creek PCKO010 33.2 6.0
Rockwell Creek  [RCWO010 99.6 1.7
Suds Creek SUDO010 99.6 2.0
Tenny Creek TENO055 98.9 2.4
Whipple Creek WPLO065 69.6 12.1
Woodburn Creek |WBNO030 31.9 2.9
Woodin Creek WDNO10 54.2 17.7
[

g § Brezee Creek BRZ010 14.6 8.9

L »m
< Morgan Creek MORO005 44.6 19.5

Trend sites and sampling year of status sites are selected based on the size of drainage area and
impervious surfee cover of the drainage areisitesto ensure each year sampling event to
coverbroad range of urban developmend represent the study area well (Table 5)
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Table5. Trend and status sampling locations and date of actmenitoring.

Clark County | 10/1/20-| 10/1/21-| 10/1/22-| 10/1/23-] 10/1/24-
Stream Site Code | 9/30/21 | 9/30/22 | 9/30/23 | 9/30/24 | 9/30/25
@ Burnt Bridge Creek |BBCO050 X X X X X
B Campen Creek CMPO010 X X X X X
o Cougar Creek CGR020 X X X X X
g Mill Creek MILO10 X X X X X
Westover Creek WST020 X X X X X
Allen Canyon Creek |ALN040 X
Curtin Creek CURO020 X
Packard Creek PCKO010 X
Dwyer Creek DWY020 X
Woodburn Creek WBNO030 X
Suds Creek SUDO010 X
a Fisher Creek FSHO020 X
& |Woodin Creek WDNO10 X
& Cold Creek CLDO010 X
g Whipple Creek WPL065 X
Indian Creek INDO10 X
McCormick Creek MACO050 X
Lalonde LALO30 X
Rockwell Creek RCWO010 X
Tenny Creek TENO55 X
Gee Creek GEEO050 X
Currie Creek CREO010 X
L
€ 2 |Brezee Creek BRZ010
ol Alternative sites will be monitored only if any future stal
< Morgan Creek MORO010 site become unsuitable for monitoring

Sample site locatiorfer the Lower Columbia regioand theimpermit coveragareaare shown
in Figure 2

Drainage areas for tHeaCUS sitesare delineated in Figur@and4. Drainageareas were

delineded based oIS topographycontours ananapped stormwater ceayancs, as well as
site reconnaissancknpervious areas within the watershdrdining and infiltrating to ground
waterand not discharging to the streane not included in drainage areas.
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Figure2. Map of urban stream monitoring locations and study boundaries in the Lower Columbia
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SamplingSte Identification and Confirmation

Each stream segment/reach was visited by Clark County and Ecology staff and eyatuated

suitability before finalizing(Table5). Each segment/reagasevaluatedand will continue to be

based on these sampling suitability criteria:

1 Accessibility. Addressconcernof whethedandownergermit access to a sit@hether
the site can baccessedsafelyand relatively quickly fosamping throughout the year.

o If a candidate site is not obviously accessible through public progeritact and
obtain access permission from the priyateperty owners and/or tenants whose
property will needo be accessed.

o0 A site may be deemed unsuitable or impractical for sampling if more than one
hour is required tgafelyaccess the site from the nearest parking location.

i Safety conditions Assessafety conditions for access and sampling based orestdte
federal law and organizational polidyis ultimately the responsibility of the field crew
during the site evaluation amatl each subsequent time of arrival to decide wheithier
safe toaccess the site amtnduct the sampling. Appropriate reastorsdisqualifying a
site from sampling may include: flothiatis too swift or too deep; unstabieute of
entry, presence olfiostile people or animals.

1 Water flow: Determine thatite waterbodyasa net flow of water that isnidirectional
andperennial Streams subject to backwater from the Columbia River are not considered
suitable sampling sites for this progra@anfirm uninterrupted surfaewater flow for
more than half the length of approxitaely 20 bankfull widths or a minimum of 150
meters surroundinthe candidate site coordinates.

Substrate: Verify presence of predominantly natural substrate in the reach.

Streambank Confirm that both théeft and right banks of the water bodse ready

discernible from miestream.

1 Human influence: Observe whethetdw is in a natural channelr, if highly modified,
confirmthe modificationwas not constructed (such as canals, ditches, or pipelines)
Monitoring sites will not be located immediately downstream of M&dallsor other
point sources

1 Location confirmation: Identify sampling reaches and site locations with GPS
coordinates anwith a narrative description of their locatiang, East Fork Lewis River,
extending 1,500 meters upstream from the NE 82nd Avenue/Daybreak Road bridge).
Having both GPS coordinates and a nareatiescription will provide redundancy and
insure that theampling reaches can belogated.Clark County willenterall of the sites
in its field location site data base and GIS layer

= =
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Sampling Parameters and Frequency

Monitoring progranmindicators and metriosere determineds part of the LC HSTNhonitoring
developmenprocess led by the City of Longview, Lower Columbia Fish RecoBeard and
Pacific Northwest Aquatic Monitoring Partnership (Stillwaeiences, 2016a and 2016b).

This LCUS studyincludestwo differentgroupsof indicators and ntecs, referred to as thkase

and extended program& i b as e 0 (Ppabl® @focases orctontinuous temperature,
conductivity and stage monitorings well ag/early measurements of benthic macroinvertebrate
populations physical habitaand sedimentuplity. Thei bas e o pr ogram wi | | be
implementedhtall sites. Anfi e x t e n d e dmay be implemerdech if thereavailable
funding.Thefi e x t e n d e daddswater @uglityanmonitoringf nutrients, metals, and

bacteria to the baggogram Potential water quality parameteémat may be collected as part of
theextended program are listed in Table 6.

Continuous monitoring for temperature, conductivity amder level $tagé will be peformed
using applicable sensors and datggers for bothrend sites andtatus sites. Equipment will be
deployedoermanenthat trendsites and for onevater yeaOctober through Septembehyring
eachfive-year cycleat status sites. Sufficient equigmnt will be procured to allow deployment
prior to the upcomingvater year at the next set of stasites in the rotating panel.

Measurementfor continuous parametewvdll be logged atl5-minuteintervalsbetweenOctober
1st and September B0 Al sites will initially be visitedmonthlyfor continuous data retrieval
and equipment maintenangésit frequency may be adjusted as the propgoteeds buill
occur at leastvery other month

Benthic macroinvertarates and sediment chemistry samples will be collectedhedsled
monitoring sites oncduring the summer between JuhaiddSeptember 30, beginning in 2021.
Water quality samples selected for sampling under the extended pnogrgoe collected
monthly or quarterly.

Watershed Health monitoring will follostandard operation procedures for field measurement
and samplingising WHMV eforms.Standard Operating Proceduriesble?.
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Table6. Parameters and samplinfyequency at active status and trend sitder the base andextended
monitoring programs

Sampling Frequency at Active Status

Indicator/Parameter Indicator Type

and Trend Sites
Base Program

Temperature _ .
Conductivit e Qe Continuous
! (15 - Minute)
Stage Hydrology
. . O f I.
Benthic macroinvertebrates Watershed Health nice every yearotsamping

(July-Sep)

Sediment Metals
As, Cd, Cr, Cu, Pb, Z . i i
(: 5 r, Cu n) _ Sl iiar Gueltiy Once every year of sampling
Sediment Polynuclear aromatic (July-Sep)
hydrocabons (PAHS)

Every year of sampling (July-Sep)
using Washington State Departme
of Ecology WMH eforms

Watershed Health Indicators Pl el nflslie

Extended Program

pH

Turbidity

Dissolved Oxygen

Total Solids (TS)
Nitrate+Nitrite (NO3+NO2)
Total Phosphorous (TP)

Ammonia (NH3) as (N) Water Quality Monthly or quarterly every year of
sampling

E.coli

Dissolved Copper (Cu)
Dissolved Zinc (Zn)
Hardness

Dissolved Organic Carbon
Chloride
Total Kjeldahl Nitrogen

[1] PAH compounds include:-thethylnaphthalene, acenaphthylene, acenaphthene anthracene, benzo(a)anthracene,
benzo(a)pyrene, benzo(b,k) fluoranthemenzo(ghi)perylene, dibenzo(a,h)anthracene, chrysene, fluoranthene,
fluorene, indeno(1,2;8d)pyrene, naphthalene, phenanthrene, pyrene, and retene.
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Table7. Standard Operating Procedures.

. Ecology
Standard Operation Procedures Publication No.
Standard Operating Procedure EAP109, Version 1.1: Watershed Healtl 1903226
Monitoring: Estimating Stream Discharge (Narrow Protocol)
Standard Operating Procedure EAP122, Version 1.1: Measuring Stream S
19-03-218
(Narrow Protocol)
Standard Operating Procedure EAP123, Version 1.1: Measuring Compa
- 19-03-217
Bearings (Narrow Protocol)
Standard Operating Procedure EAP112, Version 1.1: AsseBaink Erosion
= 19-03-215
Vulnerability
Standard Operating Procedure EAP121, Version 1.1: Watershed Healtl 1903214
Monitoring: Standard Operating Procedures for Counting Lfgedy Debris.
Standard Operating Procedure EAPQ95, Version 1.2: Collecting Water Samgp
. 19-03-216
Watershed Health Monitoring
Standard Operating Procedure EAPQ073, Version 2.3: Minimum Requiremen 1903211
the Collection of Freshwater Benthic Macroinvertebrates in Streams and R
Standard Operating Procedure EAP108, Version 1.10: Collecting In Situ W
- 19-03-206
Quality Data
Standard Operating Procedi#&P107, Version 1.0: Measuring Transect 1803230
Coordinates with a Global Positioning System (GPS)
Standard Operating Procedure EAP114, Version 1.3: Standard Operatin 1803229
Procedure for Estimating Substrate Sizes and Embeddedness at Major Tra
Standard Operating Procedure EAP106, Version 1.8: Standard Operatin 1803226
Procedures for Verification and Layout of Sites (Narrow Protocol)
Standard Operating Procedure EAP120, Version 1.3: Standard Operatin 1803295
Procedure for Quantifying Habitat Units
Standard Operating Procedure EAP118, Version 1.3: Standard Operatin
- 18-03-224
Procedure for Visual Assessment of Human Influence
Standard Opeting Procedure EAP119, Version 1.3: Standard Operating 1803223
Procedure for Thalweg Profiling
Standard Operating Procedure EAP117, Version 1.2: Standard Operatin
- - - - 18-03-222
Procedire for Assessing Riparian Vegetation Structure
Standard Operating Procedure EAP115, Version 2.1: Standard Operatin 1803220
Procedure for Measuring Riparian Cover UsinGonvex Densiometer
Standard Operating Procedure EAP113, Version 1.7: Watershed Healt}
- . - - 18-03-219
Monitoring: Measuring Channel Dimensions
Standard Operating Procedure EAPQ70, Version 2.2: Minimize the Spread 1803201
Invasive Species

Landscape Information

Geospatial data will be collected to assess landsclharacteristics of sampling sites and
surrounding areas. Data includes metrics describing land use/land cover, human stressors, and
physical characteristics. The 2016 National Land cover DattN&&D) (www.mrlc.goy),

digital elevation models (DEMgndnational Watershed Boundary Dataset are basic sources for
many of these metrics. Landscape metrics will be calculated at both watershed and riparian
scales.
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https://fortress.wa.gov/ecy/publications/SummaryPages/1903226.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1903226.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1903218.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1903218.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1903217.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1903217.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1903215.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1903215.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1903214.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1903214.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1903216.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1903216.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1903211.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1903211.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1903206.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1903206.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1803230.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1803230.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1803229.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1803229.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1803226.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1803226.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1803225.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1803225.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1803224.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1803224.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1803223.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1803223.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1803222.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1803222.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1803220.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1803220.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1803219.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1803219.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1803201.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1803201.html
http://www.mrlc.gov/

Watershed boundaries of each samplingwéeedelineatedising ArcGlStopography contours

and mapped stormwater conveyances, as well as site reconnaissance. Mapped stream data was
clipped to watershed boundaries and included stream datdJ&@®, Clark County and

Department of Natural Resourc&iparian bufferzone boundarieseredetermined using a 50m
buffer from mapped center of the streamlines for each site.

Landscape information will be collected once evierg yearsfor all status andrendsites

starting with the 2016 NLCDThis information will be usi&to evaluatehe effects of land use
patterns on stream health amtether any lang@over changes are occurring at measurable rates
across the region over time

Environmental characteristics describing physical and anthropogenic characteristicstwdiyhe
region will be identified in the watershed and riparian zone around each sampling site. These
variables include basin geology, watershed size, slope, land cover, elevation, urbanization (e.qg.,
population density, impervious surface, road density),etnd other applicable or ailable

landscape information.

NLCD (2016)datafor LCUS sitesareshownin Table8.

NLCD (2016)datafor all riparian areasvithin a 50foot bufferfrom streamcenterlinefor LCUS
sitesareshownin Table9.
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Table8. 2016 National Land Cover Data (NLCD) fodedinage areas fosites selected fostatus andtrend monitoring of urban streams in Clark and Cowlitzounties in the Lower Columbia River Region.

Percent Land Cover data for drainage areas for stream monitoring locations from National Land Cover Database (2016)

Developed, Emergent
Clark County Cultivated |Deciduous |Developed, |Developed, [Medium Developed, [HerbaceuousEvergreen Perennial Woody Total Area
Stream Site Code |Barren LandCrops Forest High Intensity Low Intensity|Intensity Open Space |Wetlands Forest Hay/ Pasture |Herbaceuous|Mixed Forest|Open Water [Snow/Ice Shrub/ Scrub [Wetlands (km2)
@ Burnt Bridge BBCO050 0.0 1.2 0.1 10.7 29.3 34.7 11.3 1.1 1.5 7.8 0.4 0.3 0.0 0.0 0.4 1.1 21.91
% Campen Creek  |CMPO010 0.0 0.0 6.8 0.6| 16.1} 11.2 19.6 0.0 9.5 25.4 1.1 6.6 0.0 0.0 2.9 0.1 5.35
g Cougar Creek CGR020 0.0 0.1 1.8 12.4 39.1 32.2 13.3 0.3 0.2 0.3 0.0 0.2 0.0 0.0 0.0 0.0 7.4
|°:’ Mill Creek MILO10 0.0 0.1 1.3 1.3 17.4 7.7) 23.6 0.9 2.4 39.2 0.1 1.4 0.1 0.0 2.4 2.2 30.1(
Westover Creek |WST020 0.2 0.0 31.2 0.0 26.7 6.1 18.8 0.0 5.3 0.5 0.2 6.6 0.0 0.0 3.4 0.9 3.32
Allen Caynon CreelALN040 0.0 0.1 3.5 1.8 13.2 4.9 11.1 0.6 5.0 51.9 0.7 3.4 0.1 0.0 0.9 2.7 9.54
Cold Creek CLD010 0.0 0.0 0.0 13.9 41.2 24.4 19.8 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 6.09
Currie Creek CREO10 0.0 0.0 2.7 0.3 16.} 1.4 25.1 0.7 9.8 39.4 0.1 1.2 0.0 0.0 2.1 1.1 6.56
Cutin Creek CUR020 0.0 0.9 0.0 3.3 36.1 14.9 24.9 1.4 0.6 16.4 0.3 0.0 0.0 0.0 0.9 0.7 21.04
Dwyer Creek DWY020 1.8 0.2 5.2 4.7 22.2 19.4 12.4 3.1 1.7 21.0 0.8 1.4 0.2 0.0 1.5 4.5 12.74
Fisher Creek FSH020 0.6| 0.0 7.7 7.9 21.2 28.3 8.9 3.5 2.3 9.1 1.1 4.1 0.0 0.0 1.3 3.9 2.9
@ Gee Creek GEE050 0.1 0.5 3.6 1.0 14.0 3.3 16.6 0.5 3.6 49.7 0.2 2.4 0.0 0.0 1.5 3.0 24.09
& Indian Creek INDO10 0.0 0.0 57.0 0.0 16.1 1.5 11.7 0.0 2.6 0.5 0.0 7.8 0.0 0.0 2.9 0.0 0.94
@ Lalonde Creek |LALO40 0.0 0.0 0.0 2.9 47.3 23.5 24.9 0.8 0.0 0.3 0.1 0.0 0.0 0.0 0.0 0.1 3.84
g McCormick Creek |MACO050 0.0 2.5 9.5 0.7 8.6 1.9 10.4 0.2 3.9 56.5 0.7 2.2 0.0 0.0 0.8 2.1 10.5%
Packard Creek PCKO010 0.0 0.0 10.% 0.1 16.4 0.8 15.9 0.0 4.9 41.2 0.9 8.4 0.0 0.0 0.4 1.0 6.02
Rockwell Creek  |RCWO010 0.1 0.0 0.0 14.9 34.3 33.2 17.4 0.0 0.0 0.3] 0.0 0.0 0.0 0.0 0.0 0.0 1.69
Suds Creek SUD010 0.0 0.1 0.0 8.6 42.8 40.3 7.9 0.0 0.0 0.3] 0.0 0.0 0.0 0.0 0.0 0.0 1.96
Tenny Creek TENO055 0.0 0.0 0.0 2.9 45.5 32.6 17.9 1.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 2.40
Whipple Creek WPLO065 0.0 0.0 7.6 3.6 26.4 19.7 19.9 0.7] 1.4 12.6 0.6 2.7 0.0 0.0 1.4 3.4 12.1(
Woodburn Creek |WBNO030 0.0 0.0 0.8 0.3 11 1.3 19.3 0.6 5.4 57.0 0.6 0.7 0.2 0.0 0.6 2.2 2.91
Woodin Creek WDNO010 0.0 0.1 3.6 1.9 21.4 10.0 21.0 0.6 10.6 18.4 0.7 3.9 0.1 0.0 3.8 3.9 17.67%
(&)
g ﬁ Brezee Creek BRZ010 0.0 0.0 18.9 0.1 5.2 2.6 6.7 0.1 12.7 36.1 0.9 7.4 0.0 0.0 9.2, 0.2 8.51
L wm
< Morgan Creek MORO005 0.0 0.1 2.4 0.1 16.1} 1.1 27.2 0.5 18.4 21.9 1.1 4.1 0.1 0.0 3.9 3.0 19.53
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Table9. 2016 National Land Cover Data (NLCD)304#oot riparian buffer areas fosites selected fostatus andtrend monitoring of urban streams in Clark and Cowlitzounties in the Lower Columbia River Region.

Percent Riparian 50ft Buffer Land Cover data from National Land Cover Database 2016

Developed, Emergent
Clark County Cultivated Deciduous [Developed, [Developed, |Medium Developed, |Herbaceuous|Evergreen Perennial Woody Total Area
Stream Site Code Barren Land |Crops Forest High Intensity|Low Intensity |Intensity Open Space |Wetlands Forest Hay/ Pasture |Herbaceuous|Mixed Forest|Open Water [Snow/Ice Shrub/ Scrub |Wetlands (km2)
@ Burnt Bridge BBC050 0.0 2.2 0.4 0.4 28.9 9.0 27.9 5.8 4.2, 16.1 1.6 0.0 0.0 0.0 0.1 3.6 0.51
5 Campen Creek  |CMP010 0.0 0.0 17.1 0.1 11.3 0.8 34.7 0.0 10. 7.5 0.0 15.0 0.0 0.0 2.3 1.2 0.33
= Cougar Creek CGR020 0.0 0.7] 22.4 5.4 22.9 9.3 35.5 1.8 0.0 0.0 0.0 2.0 0.0 0.0 0.0 0.0 0.14
g Mill Creek MILO10 0.0 0.0 1.9 0.2 8.9 1.7 34.3 4.8 3.4 30.1 0.1 1.8 0.0 0.0 0.6 12.1) 0.79
Westover Creek |WST020 0.0 0.0 42.1 0.0 15.8 2.6 18.0 0.0 6.9 1.1 0.0 9.7| 0.0 0.0 1.1 2.8 0.39
Allen Caynon CreelALN040 0.0 0.0 5.4 0.1 9.0 0.9 12.2 2.0 6.7 44.4 1.2 7.5 0.5| 0.0 1.1 8.8 0.89
Cold Creek CLDO010 0.0 0.0 0.0 4.8 51.Q 14.6 29.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.09
Currie Creek CRE010 0.0 0.0 9.6 0.0 8.2 0.0 18.8 2.9 15.4 35.7 0.0 2.2 0.0 0.0 3.8 3.4 0.23
Cutin Creek CURO020 0.0 0.0 0.0 0.0 6.0 0.2 17.8 10.1 0.0 58.1 1.0 0.0 1.2 0.0 0.4 5.2 0.19
Dwyer Creek DWY020 0.0 0.0 6.7] 0.3 17.0 5.9 18.7 9.6 5.0 24.8 2.0 3.4 0.0 0.0 1.9 4.5 0.44
Fisher Creek FSH020 0.0 0.0 0.0 0.0 61.4 1.9 12.6 12.5 0.0 6.8 0.0 0.0 0.0 0.0 1.4 3.2 0.06
9 Gee Creek GEEO050 0.0 0.3 8.1 0.1 7.6 1.3 13.3 2.1 5.7| 39.7 0.1 5.6 0.1 0.0 1.5 14.6 1.94
5 Indian Creek INDO10 0.0 0.0 53.7 0.0 17.4 1.9 10.5 0.0 4.8 0.0 0.0 11.6 0.0 0.0 0.1 0.0 0.11
& Lalonde Creek |LALO30 0.0 0.0 0.0 0.0 26.§ 0.9 72.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.11
g McCormick Creek |MACO050 0.0 1.3 18.3 0.0 4.4 0.7 7.6 1.0 5.3 44.8 0.3 4.2 0.1 0.0 1.7 10.3 0.95
Packard Creek PCKO010 0.0 0.0 18.1 0.0 7.6 0.1 15.2 0.0 7.6 25.4 0.2 16.7] 0.0 0.0 0.5 8.6 0.39
Rockwell Creek |RCWO010 0.0 0.0 0.0 0.0 15.5 0.1 84.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.03
Suds Creek SUDO010 0.0 0.0 0.0 0.0 37.4 3.8 47.4 0.0 0.0 11.3 0.0 0.0 0.0 0.0 0.0 0.0 0.05
Tenny Creek TENO55 0.0 0.0 0.0 0.3 50.4 12.6 36.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.05
Whipple Creek WPL065 0.0 0.0 12.2 0.0 10.3 2.8 23.7] 6.0 2.2 3.5 0.0 4.5 0.0 0.0 0.8 34.9 0.44
Woodburn Creek |WBNO030 0.0 0.0 10.0 0.0 5.2 0.3 32.4 1.1 8.4 38.7 0.0 0.0 3.0 0.0 1.0 0.0 0.06
Woodin Creek WDNO010 0.0 0.0 6.6 0.2 14.4 2.0 30.5 1.8 11.3 12.6 0.0 5.7 0.8] 0.0 4.3 9.8 0.58
Q
g § Brezee Creek BRZ010 0.0 0.0 34.8 0.1 2.6 0.9 6.3 0.4 8.9 24.5 1.0 11.1 0.3 0.0 8.5 0.8 0.91
L w;w
< Morgan Creek MORO005 0.0 0.0 3.1 0.1 7.7 0.2 26.5 0.8 27.0 11.9 0.3 6.5 0.0 0.0 2.4 13.5 1.01
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7. Measur e@Quealti ty Objectives

Measurement quality objectives areotatainsufficienthigh qualitydata based on site specific
measurements arsmples to meet tretudyobjectives. Data quality indicators include
precision, bias, sensitivity, representativeness, comparability and completeness.

Field Work

Field staff will follow standardiocumentegbrotocols, reporting requirements and quality control
(QC) procedures tmeet thestudymeasurement quality objectives. Field staff will make a good
faith effort to collect field data at the described frequencyis\QAPP.

Completenessf datacollectionfor this studyhas a goal 0100%.If an extendedr base
parametesample or measuremefexcluding continuous measurement parametgisjtially

missed, a secorgbod faitheffort will be made to colledhese datavithin the same month. If a
second attempt is also unsuccesfiuthe sameparametersathird attempis optional The

impact of missing continuous data will be evaluated andld be addressenith estimatediata
(qualified) based on relationships with continuous data for the same parameter from nearby sites.
Reasons for missed sampling events or missed parameéllebe recordedAny missed

sampling eventwill be reported to the EcologdAM Scientist

Sampleloss will be minimizedusingsturdy sample storag®ntainersandadequate labeling
procedurs. Complete dtaacquisition and storage will be supportesing establisheoheters
anddata loging systems

Comparability of measurementsetween field crewwiill be supported by followingtandard
protocols and methodBeforethe first samplingf each yeartheprojectmanager will organize
a training sessioto helpensure all field crews follow the standgmatocols.

Representativenessf results forsites andheregion can alsbeexpressed by following

consistent field and laboratory procedures. Measurements and samples taken in the field need to
be representative of the condition and should be consistent over time. To ensure the
represatativeness of samples, field collection and measurements should be uniform in terms of
timing, locations, and hydrologic conditior&mple holding time requiremerdse also

important to maintain the representativeness of sanjgschanges or differares of sampling
conditions from protocolwill be recorded in the field log.

Precisionof samples anéleld measurements will be evaluatesingQC sampleduplicates and
repeatmeasurements

LaboratorySelection

Multiple laboratories will be needed ensure sample completenassl final selected
laboratoriesarelistedin Table 10 Laboratories fothewater and sediment parametargst have
current acreditation status with Ecolodfttps://ecology.wa.gov/Regulatici®ermits/Permits
certifications/LaboratornAccreditatior) andmust have thability to achieve acceptable limits of
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detection for the parameteronitoredas part of this projecthe laboratory selected fire
stream benthos samples must provide data to the species level.

Tablel0. Laboratoriesselectedfor sample processing

Laboratory Name Analytical Purpose Address Phone

Water samples 1317 South 18 Avenue

ALS Environmental .
Sediment samples

(360) 501-3364
Kelso, WA 98626

3490 NW Deer Run Street
Aquatic Biology Associate |Streambenthos (641) 762-1668
Corvallis, OR 97330-3111

[ Ecology does not currently have accreditation ppcess fotaboratories that analyzenthic invertebrate
samples.

DataQuality Indicators forEachParameter

Selected laboratories andsitu field probeswill follow Ecology approved methods and data
quality control (QC)see section 9Acceptable methodbias precision and accura@re
detailed inTables 11 and12. Methods follow Standard Methods for the Examination of Water
and Wastewatgmwww.standardmethods.grgnd U.S. Environmental Protection Agency
(USEPA, or EPA) method#ittp://water.epa.gov/scitech/methods/cwa/rod#h index.cfi

For continuous parameters (stage, temperature, and conductivity), the accuracy and instrument

bias measurement quality objecti&4QOs) of eachelectrode meteasind/or sensowill be

verified through postleployment calibration checksfob wi ng t he manuf acturer
The sensor6s accur acy a ngitumeasuccments osimg haneld | be e
probes at the deployment, during each sampling event and data retrieval (Jabield Ineter
measurements wible used tdirst correct continuous data for linear drifteaningor a constant

offset. The amount and frequency @dntinuous instruments excessive drifnonrandom drift
(predominantly higher or lower than handheld meter readings) will be usedlitate

replacement of continuous meter probes.

MQOs for water and sediment chemistry data listed inTable12 andTablel3.

Tablell Measurement quality objectives for continuous parameters
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Continuous Meter T Accuracy (deviation Precision (% relative
Parameters ype between measurements| standard deviation)
Campbell CS547A + 0.4 degree C + 0.4 degree C
Temperature
Hobo U24 + 0.4 degree C +0.4degree C
Campbell CS547A +10% +10%
Conductivity
Hobo U24 +3% +3%
Campbell CS451 +0.02 feet +0.02 feet
Stage
Hobo MX2001-01 + 0.02 feet + 0.02 feet

Table12. Measurementquality objectives forextendedwater quality parameters

Control Control
Reporting limit | Field Replicate | Lab replicate | Matrix spike2 standard/ | Matrix spike? standard/
target (RSD) (RPD)! (% recovery) [ surrogate (% RPD) surrogate
. 0, 0,
Water Quality Parameters Ana:xs\ll\jartr;tiihods (% recovery) (% RPD)
Sensitivity Precision Fiiea;:’ilz’i Bias and Accuracy Relative Percent Difference
Temperature £0.2°C 010% N/A N/A N/A N/A N/A
Conductivity +3 umhos/cm 010% N/A N/A 90-110 N/A N/A
Dissolved Oxygen Electrode Meter* 1mg/L N/A N/A N/A N/A N/A N/A
pH +0.2 std. unit 010% N/A N/A N/A N/A N/A
Turbidity 3NTU 025% 025% N/A 90-110 N/A N/A
Total Solids SM 2540B 5 mg/L 025% 025 % N/A 80-120 N/A 5
E. coli SM 9223 B 1 cfu/100 mL 050% 020 % N/A N/A N/A N/A
Nitrate+Nitrite EPA 353.2 0.01-0.04 mg/L 025% 020% 75-125 80-120 020% 020%
Ammonia (NH3) as Nitrogen (N) SM4500 NH3 G | 0.02-0.05 mg/L 020% 020% 75-125 80-120 020% 020%
Total Phosphorous EPA 365.3 0.005 i |0.025%mg|/ LO20% 75-125 80-120 020% 020%
0.1ug/LCu, 2 . . . .
Dissolved Cu, Zn EPA 200.8 ug/L Zn 020% 020% 7571 125 8571 1115 020% 020%
Hardness, Total as CaCO3 SM2340 C 2mg/L 020% 020% 90-110 80-120 020% 020%
Dissolved Organic Carbon SM5310 C 0.5mg/L 020% 020% 83-117 83-117 020% 020%
Total Kjeldah! Nitrogen ASTM D1426-08B 0.2mg/L 020% 020% 72-129 72-129 020% 020%

*In-situ measured parameters follow manufacturer's guidelines for meter calibrations and operations

[1] The relative percent difference (RPD) must be less than or equal to the indicated percentage for values that are
greater than fimes the reporting limit.

[2] For inorganics, the Laboratory Program Functional Guidelines state that the spike recovery limits do not apply
when the sample concentration exceeds the spike concentration by a factor of 4 or more (EPA, 2010)

[3] MQOs are based on Hallock (2012) &®@P EAP033 (Swanson, Z00

Table13. Measurement quality objectives fosediment parameters
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A : a2 | Matrix spike il
_ Reporting limit | Labreplicate | Matrix spike S standard/
Analysis target (RPD) (% recovery) T ezt surrogate (%
Sediment parameters| methods in (RPD)3 recovery)
sediment MQO
Sensitivi Bias and Bias and Bias and Bias and
itivity precision accuracy precision accuracy
Conventional Parameters
Qraln Size o_n <2mm PSEP PS Sensitivity = 520 % N/A N/A N/A
sieved sediment 1.0%
Total Organic Carbon PSEP PS [Sensitivity=0.19 020% N/A N/A 80-120
Metals
8571115
blank) ERA Soft
. (0.2,0.1,0.2,05 .
Total and dissolved N . N 8071 120
0, 0,
As, Cd, Cr, Cu, Pb, Zn EPA 200.8 0.5, OaSV)Vmg/kg 020% 751 12 020% Cu, Pb, Zn)
7971120
Semi volatile organics
Compound Spiked blank
Polycyclic aromatic Specific compound-
hydrocarbon (PAH) EPAB270DSIM | g e g Compound 040 % specific
compounds (GC-MS) speci fi
P 507 150 5071 15

[1] The Relative percent difference (RPD) is calculated when at least one of the result values is above the practical
guantitation limit; if both values are below then the RPD is not calculated.

[2] For inorganics, théaboratory Program Functional Guidelinesate that the spike recovery limits do not apply

when the sample concentration exceeds the spike concentration by a factor of 4 or more (EPA 2010)

[ 3] ERA solid LCS, fAmet al s maynbe Beeded itusirtgh eontacilabal ogue numb

[4] Semivolatile surrogate recoveries are compesipecific. MQOSs are based on Lubliner (2014).
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8. Sampling Procedures

Field Equipment Handling

Data loggerswill be deployedrermanently atrend sites and temporarily for teeheduled

water year of sampling atatus sitesStage, water temperature, and conductivity are continuous
monitoring parametelsgged concurrently every 15 minuties this study. A combination of

level loggers and conductivity/temperature loggers will be ussidtas sites where teletry is

not feasible. All other sites will utilize telemetmyth data loggers, pressure transducers and
conductivity/temperature probes. It is best not to disturb pressure transducers/level loggers after
deployment. Monitoring conductivity calibration afoiling, which requires retrieval of
instrumentation, is pertinent to quality contfbherefore, separafgessure transducers or level
loggers and conductivity/temperature probes will be utilized.

1 Stage:Stage data will be collected by installation of a Campbell Scientific CS451 vented
pressure transducer at sites where telemetr
instructions and approved Clark County S@Bpendix A) HOBO MX Water Level
Loggess (MX2001-0x) will be deployed to collect stage data where telemetry is not
feasible following the manufacturerods instr
(Campbell Scientific CS451 are available at
https://s.campbellsci.com/documents/ca/manuals/ce4836 man.pdHOBO MX Water
Level Loggerare available atttps://www.onsetcomp.comiis/manual _pdfs/19389
L%20MX2001%20Manual.pdf. Stage measurements will be logged at intervals of 15
minutes. A manual stage measurement will be collected aneaathly orevery other
monthfield visit (AppendixA). Data will be retrieved during eacleffil visit.

1 Conductivity and Water Temperature: Conductivity andemperature data will be
collected by the installation of a CS547 conductivity/temperature probe where telemetry is
feasible and a HOBO U24 conductivity/temperature probe where telemettyfesasible.
Both of these types of instruments will be installed and maintained following the
manufacturerdéds instructi oApendixAd approved CI
https://s.camphbksci.com/documents/us/manuals/cs5473. ffudse for the HOBO U24 are
available ahttps://www.onsetcomp.com/files/manual_pdfs/150%620U24
001%20Manual.pgdfConductivity and temperature measurements will be logged at
intervals of 15 minutes. Data will be retriewadnthly orevery other montldepending on
site conditions

All loggers will be deployed insidezainch camouflaggainted PVC pipe to shadeem from
sunlight and to prevent them from being found aaddalized.

Continuous irsitu data loggers will be calibrated and cleaned prior to deployment and checked

for functionality and biofoulingduringi t e vi si ts using the manuf act
protocolsandapproved Clark County SQRppendixA). Each deployment location will be

photographed and have sgpecific survey information documentedastandardized form

(Appendix B. For continuous measurements withote sensors (watéemperature,

conductivity, stage), the accuracy and instrument bias of each sensor will be verified through
postdeployment calibration checks along withptiyment, retrieval, andrabsample checks

collected as described AppendixA.
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The field crew wil conduct any necessary cleaning by rinsing the loggers, outside casing, the
circulation holes and the optical eyes with fresh running water, distilled water or instrument
specific cleansetnstrument specific bruglscan be used as well astips or otler norabrasive
scrubbes. Calcium precipitation can be deposited on the pressure transducer or any portion of
the loggers. These deposits can be dissolved and released without damaging the probes using a
diluted solution of acetic or phosphoric acid (<90%

FieldSafety

All crew membegare responsibli ensurehealth and safetguring the field sampling eventa
written health and safety planll be prepared prior to the commencement of field activities. The
health and safety plan must include atinimum: phone numbers and a communication tree for
notification should an emergency occur; maps to the nearest hospital, fire station, and/or
emergency response facilityr each sampling locatipmnd enumeration of anticipated potential
hazardgAppendixC).

All crew members must review and sign the health and safety plan during a field woeditfkick
meeting. During the meeting, théeld Lead summarizthe potential hazards and ensiret

all crew members are aware of safety procedures and appropriateflc@mmunicationCrew
membersnustbe instructed in proper handling @frsple preservatives avoidhazardous
situations that may occur if these chemicalshaedled inappropriately.

At least two crew members must be present during all field sangidingties howeverthree
people improveefficiencyandcan besafa for wadeable streatmabitatsurveys.

Crews may encounter hazardous mategakite locationsCrews should not disturb or retrieve
improperly disposed hazardous materifilsteadcrewswill record thdinding in detail in the
field notebook take photographs if possided reporto theLCUS Projectmanagemvho will
report t he teapmopriate authoritied asrsaps as possible

Field membersnustbe familiar with the signs of heakhaustion, heatroke and hypothermia,

and there should always be at least one person trained in first aid and CPR on every field crew.
First aid kits must be available at all tim@sy field crew member with knowrllargiesto bees,

other insects, poison oak, etdll notify the crew lead. These members ntake proper

precautions anthstruct fellow members as to the location and use of any needed emergency
medications that they carry with them at all times.

Motor vehicles must be operated with care and in observance of all applicable laws and
regulations.

FieldSafety in WadeableSreams

Common hazards in wadeable streams include slip, trip and fall hazards; submerged objects;
venomoussnakes, insects and plants; and adverse weathdrtions.Samplingwill be
discontinued during thunderstorms

Field crews must wear appropriate persgmatective equipment (PPE), including waders (or at
a minimum neoprene booties), hats, sunglasses (or safety goggles as needed), and should
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use sunscreen on exposed skifmen waders are worn, they must be equipped with a belt
and follow Clark County PFPequirementsAppropriate gloves must be worn when
agitating substrate for the collection of benthic macroinvertebrates.

Extreme care should be used when walking on rip rap as rocks can easilyasgétwoody
debris (LWD) must be navigatedrefully to avoid falls or getting pinned between pieces of
debris

Crewmembersnust ensure all equipment is in safe working arder

FieldWork Procedures
The procedures are based on existing standard pro{detike 7)

Before leavindgor the sampling sitehe field crewwill conduct all appropriate preparation
including instrument calibration, data log form preparation,faeld safety plarcompletion

Field procedurg(Table 14)should beconducted in théllowing orderto avoidany damager
disturbanceo benthic invertebrates anther samples

1) Ste verificationandlayout,

2) Instantaneous stream flow measurement,

3) In-situ water measurememnt

4) Water sample collectiofor the extended program
5) Benthic macroinvertehte,

6) Sediment chemistry sample collection

7) Physical habiat condition.

Field handheld probeswill be calibrated and checked for problems prior to each sample event
foll owing the manuf act andreacod@dsin thediedddog (Apperdie d pr ot
A).

For sediment sampling sediment samples will be collectadd processed in a metalsefi®om
at the lab for listed analytes in TalieStainlesssteel scoops and bowdsilized for sediment
sample collectionvill be cleaned using the following procedu8&ainlesssteel sampling
implements, including spoons, bowls, and stirrers will bared sequentially as follows:

1. Wash in norphosphate detergent and tap water,

Rinse with hot tap water,

Rinse with deionized water three times,

Air dry in clean area free of contaminants,

Rinse with pesticidegrade acetone or methanol if sampling for PAHSs,

L O

Air dry in clean area free of contaminants.
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After drying, cleanequipment will be wrapped in aluminum foil and stored in polyethylene bags
until used in the field. Sampling equipment will dedicated to a single site. Reuse will require
cleaning as outlined in the procedure above.

Tablel4. Typical timing of orsite field activities for wadeable streams.

Hours since arrival

Activity Person

1 2 3 4 5 6
Site verification and layout A A
In-situ flow measurement B
Water chemistry sampling C C
Macroinvertebrate AB AB AB AB
Sediment chemistry C C
Physical habitat AB,C AB,.C AB,C
Data retrieval and maintenance of data Iog|@r C C

Detailed procedure®r site verification andield samplingare listed in Table 7.

At the end of the monitoringeriod thefield crew will retrieve data frorthe deployedoggers
for all three continuous parametef$ie field crew will conductiny necessargieaning
calibrationor re-installationof loggersat the next round of status sitd$ie storage capacity,
battery, electrical connections and tubwij be checkednd if necessaryreplaced

FieldLog
A field log with appropriately detailed notes will beed to record irreplaceable informatfon
each site visit. The field logs witleeither:

1. Bound, waterproof notebooks with pnembered pageslse permanent, waterproof ink
or pencil for all entries.

or
2. Electronic field logs that demonstrate equivaksturityand durabilityto a waterproof,
bound notebook.
Example field forms arprovided inAppendice® and D Field fom entries will include but are
not limited to:
1 Name and location of activity
1 Allfield personnel, and specifyingtmee cor der 6 s n ame
1 Sequence of events
1

Any changes or deviations from the QAPP

34



Environmental conditions at time of monitoring activity
Date, time, location, ID, and description of each sample
Field instrument calibration procedures and documentation
Field measrements

Type and number of QC samples collected

= =2 =2 4 A -2

Unusual circumstances that might affect interpretation of results

Forms will include the station visit/maintenance sheet, meter calibration, anebéitaistody
forms. All errors or typos will be crossedt and rewritten by the technician who recorded the
data. All corrections will be initialed and dated when ma&uenot use correction fluidr tape
Paper documents will be stored in an organized central filing location.

9. Quality Control

Field Equipment Bcontamination

Equipment used in the field for collection or processing of sedimergwafatewater samples
wi || be decont amiSORDeeodtaminatiomofySarkpting Ecquignyeit for Use
in Collecting Toxic Chemical Sampl@siese, 2014)Field equipmentvill be maintained at the
recommended frequency specified by each manufacturer.

After conducting field work, field staff will:

1 Inspe¢ and clean all equipment by removing any visible soil, vegetation, vertebrates,
invertebrates, plants, algae or sediment. If necessary, a scrubcbudibe used then
rinsed with clean water either from the site or brought for that purpose. The pnitess
be continued until all equipment is clean.

91 Drain all water in samplers or other equipment that may harbor water from the site. This
step will take place before leaving the sampling site or at an interim site. If cleaning after
leaving the sampling &, no debris will leave the equipment and potentially spread
invasive species during transit or cleaning.

1 Assess the possibility of invasive species contamination of both protective gear and
sampling equipment, including boats, rafts, and othervimigtre devi ce s . Ecol
SOP EAPO7(@Parsons et al., 2018jdresses invasive speciemsport and
contamination.

FieldReplicate Samples

Grab and omposited field replicate samples will be collected at a rate%fdf@he total

samples collected for monitorirgach yegrcomposite split for sediment samples, simultaneous
grab samples for water quality parameters and an additional composite sample collected for
macroinvertebrate$n-situ parameters measured in theld sample also will be measured in the
replicate samle for that particular site. Field replicategl be labeledsimilar toother samples,
andeachreplicatesamplewill haveits own uniquadentificationnumber. Theseeplicate
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sampleswill be supmitted blind to the laboratorwith all other field sample§.able B shows the
schedule, control limits, and corrective actions for field replicate samples.

Tablel5. Fieldquality control schedule fomwater quality, sediment, and benthic macroinvertebrate

samples

Field Sample Collected

Number and frequency

Control Limit

Corrective Action

Composited benthic
macroinvertebrate field
replicate

One replicate sample eac
year

Qualitative
Assess representativene
comparability, and field
variability

Review procedures; alter
needed

replicates

Composited sediment fiel{10% of the total number o

samples each year

Qualitative
Assess representativene
comparability, and field
variability

Review procedures; alter
needed

Grab water quality field
replicates

10% of the total number o
samples each year

Qualitative
Assess representativene
comparability, and field
variability

Review procedures; alter
needed

Field water quality transfe
blank

At least one sample a yeaconcentration should be

Blank analyte

below the reporting limit

Compare blanks for analy|
to determine whether the
sampling process is the
source of contamination;
evaluate decontamination
procedures; evaluate
results greater than 5x
blank concentrations

Other blank samples for
determining a
contamination source

As needed

Blank analyte
concentration should be
below the reporting limit

Compare results from
separated blanks to isola
the source of
contamination; evaluate
results greater than 5x

blank concentrations

SampleSorage andPreservation
Holding times are the maximum allowable length of time between sample collection and
laboratory manipulation. Holding times are different for each anahdeaee in place to
maximize analytical accuracy and representativeness. Each sample collected will be packaged in
a container and labeled accordingly. If necessary, wsthifoordinate with the analytical
laboratory to ensure samples can be transpagedived, angrocessed during nelbusiness
hours Sample containers will be transported or $snthe field team to the analytical
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laboratory, following established sample handling and eb&iustody procedures. At the
laboratory, samples may be funtitdvided for analysis or storage.

Table16 details sizes and types of sample contairmcemmendedbr transportingsample

media, sample preservation requiremeatsl maximunsampleholding timesprior to
laboratory analysis.
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Tablel6. Sample containers, preservation, and holding times

Recommended

Holding

Group Analysis Matrix Quantity Container Time Preservative
Cool to 06A(Q
Grain Size Sediment| 1009 8 0z plastic jar 6 months
Do NOT freeze or dry
4 I HDPE j -~ s
Base Sediment Metals Sediment] 509 gzgass OT . J 6 months Cool to O6A(Q
with Teflon-lined lids
. . 8o0zglass or HDPEj{ 14 days; 1 ~
Sediment PAHs Sediment 100 g .zg ) = 8y Cool to O6AC; or
with Teflon-lined lids|year if froze
- - - "
Macro-invertebrates Benthic 10L 1.0LWide mogth N/A Field pregewefj with 95% e'FhanoI. Stor
polyethylene jar in quiescent location
2! L I ok
Total Solids Water 250 mL %0 nl])o\:t’g] poly 7 days Cool to O6A(Q
<
Hardness Water 100 mL 250 L w/m poly 6 months H2S04 . ¢ .0 ) p H 2,
bottle preservation in field or lab
< S
Ammonia (NH3) as (N) H2S04 or HCl to 'pH 2, preservation i
field
125 mL I
Water 125 mL 5 mL w/m poly 28 days
bottle
Dissolved Organic Carbon
Cool to O04Ad
Total Kjeldahl Nitrogen
Extended o
H2S04 or HCl to pH <2, preservation i
field
1) 125 mL cl
Nitrate (NO3-) + Nitrite (NO2-) | Water 15mL | WS miclearwim o s
poly bottle
Cool to 04AdQ
H2S04 or HCI to pH <2, preservation i
field
(1) 125 mL clear w/m
Total Phosphorous (TP) Water 60 mL poly bottle 28 days
Cool to 04AQgQ
250 mL poly bottle .
Dissolved Metals Water 250 mL with Teflon or 6 months | collection; then add HNOZo pH <2,
polypropylene lid
E. coli Water 125 mL 125 mL plastic bottlg 24 hours Fill bottle to xs

Quiality Control for Macroinvertebrates
Detailedquality control procedure for macroinvertebrates (stream benthos) is described in
Standard Operating Procedure EAPQ¥able 7. QC procedures require macroinvertebrate

sorting efficiency and taxonomic accuracy and precision checks.
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LaboratoryQuality ntrol Procedures

Contract laboratories will make every effort to meet sample holding times and target reporting
limits for all parameters. Laboratory QC procedures and results will be closely monitored
throughout the duration of the samplifdeasuremenguality objectives for laboratory samples
are listed inTable17.

QC procedures fdsiologicalsamples are currently limited to field replicates precision and
laboratory duplicates for accuracy for benthic macroinvertebrates. Contract laboratories will
make every effort to ensure accurate identification of specimens.

Theschedule for laboratory QC sampisdistedin Table17. These samples will includat a
minimum,the types of QC sampldisted anddescribedelow.

Laboratory duplicates: Laboratory duplicate samples will be analyzed regularly to verify that

the | aboratoryds analytical met hods are maint
perform Arandomo duplicate selection on submi
After a sample is randomly selected, the laboratory should homogenize the sample and divide it

into two identical Asplito samples. To verify

splits should be performed and reported. Some parameters may redput@l@volume for the
parameter to be analyzed as the laboratory duplicate. Matrix spike duplicates may be used to
satisfyfrequencies for laboratory duplicates.

Matrix spikes and matrix spike duplicates(ms/msd) Matrix spike samples are tripimlume

field samples to which methegpecific target analytes are added or spiked into two of the field
samples, and then analyzed under the same conditions as the field sample. A matrix spike
provides a measure of the recovery efficiency and accuracy for theiealahethods being

used. Matrix spikes can be analyzed in duplicate to determine method accuracy and precision.
Matrix spikes will be prepared and analyzed at a rate of 5200of tota) samples collected or

one for each analytical batch, whichever isstrfrequent.

Blanks: Laboratory blanks are useful for instrument calibrations and method verifications, as
well as for determining whether any contamination is present in laboratory handling and
processing of samples.

Laboratory standards: Laboratory sandards (reference standards) are objects or substances that

can be used as a measurement base for similar objects or substances. In many instances,
laboratories using digital or optical equipment will purchase from an outside accredited source a
solid, ppwdered, or liquid standard to determine higbel or lowlevel quantities of a specific

analyte. These standards are accompanied by acceptance criteria and are used to test the accuracy
of the | aboratoryés met hods.aftd alib@tiomdfanr y st and
instrument and prior to sample analysis.

Surrogate and internal standards Surrogate standards are used to process and analyze
extractable organic compounds (PAHS). A surrogate standard is added before extraction, and it
monitorsthe effciency of the extraction methobhternal standards are added to organic
compounds and metal digests to verify instrument operation when using inductively coupled
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plasma mass spectrometry (KM5) analysis and gas chromatographgiss spectrometrysC-
MS) analyses.

Method blanks: Method blanks are designed to determine whether contamination sources may
be associated with laboratory processing and analysis. Method blanks are prepared in the
laboratory using the same reagents, solvents, glasswaregaipdnent as the field samples.

These method blanks will accompany the field samples through analysis.

Instrument blank : An instrument blank is used talibrateanalytical equipment used in the
| aboratoryds procedur es.oflaboratarypurevaterandbrly a n k s
other methoehppropriate reagents.
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Tablel7. Schedule for laboratory Quality Control samples

Quality control

Analysis

samplé type Frequency? Corrective action
Laboratory Metals 5% of total samplesminimum1 | Evaluate procedure; reanalyze or qual
Duplicates Organics per batch (methedpecific) affected data
5% of total samplesninimum1 Evaluate procedure and assess poten
: . Metals per batch matrix effects; reanalyze or qualify dat
Matrix Spikes (full i
constituent list) _ 5% of total samplesninimum1 Evalue}te duplicates and surrogate
Organics recoveries and assess matrix effectg
per batch ;
evaluate or qualify affected data
At least 1 sample per year;

Matrix Spike Metals and Metals can be run either by N_ISE Evaluate procedure and assess poten
. . or lab duplicates at otherwise; 59 ; i |
Duplicates Organics - matrix effects; reanalyze or qualify dat

of total samplesminimum1 per
batch
Blank concentration may be used to
Metals define a new reporting limit. Evaluate
Method Blanks 5% of total samplesninimum1 procedure; ID contaminant source;
per batch (methoedpecific) reanalyze samples if blanks are withi
Organics 10x concentration. No actiorecessary
if samples are >10x blank concentratio
Spiked (or Metals and| 5% of total samplesninimum1 Ev?fl'ugte matfnx sp|ke_ recovehnedsl; asse
Fortified) Blanks Organics per batch (primarily water) efficiency of extraction methodiag
affected data
References (lab
control standard, Metals Evaluate lab duplicates/matrix spike
lab control sample, 5% of total samplegninimum1 recoveries; assess efficiency of
or standard per batch (spiked blank). extraction method; evaluate or qualify
reference Organics affected data
materials)
Surrogates Organics Surrogates frequency is 100% Evaluate results; qualify or reanalyze
re-prep/reanalyze samples.
Internal Standarffequency is .
Internal Standards Metals _and 100% for GC/MS and ICPMS Evalt_Jate results; dilute samples, reass
Organics internal standards or flag data.

methods

Quality control samples may be from different projects for frequencies ontmfmér basis.
Frequencies may letermined from the study number of samples collected by the permittee.
The lab may use either a matrix spike duplicate or laboratory duplicate to evaluate precision base@itothe m
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10. DatManagement

The LAUS DataCoordinatowill be responsibldor data QA, data entry, and data export
will ensureeffective cata managemend support the routine data analyargl ultimately ensure
asuccessfumonitoring programThe DateCoordinatomwill also respondo data requests.

EIMand WHMDatabasePreparation
Before sampling beginthe LAJS ProjectManager or Dat&oordinatowill coordinate with

SAM ScientistandE ¢ o | oMHWM ®ata Coordinator to assidghe studyidentification number
and site IDs

Field Data Collection andTransfer

Template dta sheetand field logare included irAppendixD. Theseforms will bereviewed by

the LOJUS Prgect Manager teensure that all field crews are collecting the same data in the same
way. The forms identify the LOS Prgect Manager as the recipient of the final forms.

Field notebooks and-Bng binders will contain all field activity data, as follodvs
1 completed dat field/maintenance sheets
1 chain of custody forms

Field staff is responsible for updating this information and storing it in appropriate binders
securely located and available to Brgect Manager.

Continuousl5-minute stream stage, temperature andlaotivity measuremengxre recorded on
data loggers and either downloaded on field computers or telemetered from theofigtioring

sites onto a central computer for data storage and procesbm{jles are then appended and
converted for storage, agaks, and editing utilizing commerciallyalable Aquatic informatics
Aquariussoftware.The Project Manager, or designee, is responsible for acquiring the data in a
timely manner and for maintaining the project database, which will be backed up regularly
Continuousl5>mi nut e wi | | be upl oad eanderstuly idectibchtiong y 0 s
code SAM_LCUC.

All field data sheets will be kept in an organized manfke. prgect manager will keep the
original field data ana copywill be sent to the data managPostprocesseavatershed health
data will be finalizedand incorporated into electrorfarms and uploaded to tWatershed
Health Monitoring WHM) databasender studydentification code SAM_LCU

LaboratoryData

Laboratorydata will be sent to theCUS Prgect Manager and Dat@oordinatordirectly from
each laboratorjollowing completion ofeachsetof analyss for a sampling evenReporting
times may varylepending on holding timend analytical methodsut should not exceed six
monthsfrom the documented sampling date.

Laboratory reports will be reviewed by tbataCoordinatorfor errors or missing data. The Data
Manager andPrgect Managewill implement corrective actiong needed
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Finalized el ectronic | aboratory uddertstadywi | |
identification code SAM_LCUWy the DataCoordinatomwith theassistance dEc ol ogy 0 s
Data Coordinatoand saved in th€leanWater Division CWD) water quality database.

WatershedHealth Data

If the permitteeschoose to collect the entisetof physical habitatvatershed health parameters,
Ecologywill provide electronic field data collection softwafde electronic field fion (e-form),

if used,will assistClark Co to (1)assure completeness in the field benthos and habitat

monitoring and (2) more easigndefficiently loadt hi s dat a WiHM datealaselinogy 0 s

EIM under study identification code SAM_LCUse of the @ctronic form greatly reduces the
time for review and quality assurance/quality control in transferring theltlatang the eform,

be

M

Clark County will work with Ecologyés WHM dat

successfully utilize the-Borm are collectedAn electronic tablet or laptop is needed for field use
of the eform.

If the permitteesdecide to collect fewer habitat parameters than required to successfully utilize
the eform. Data in eform will be submitted after each sampling to WHM database for WHM
data coordinators review and approval.

Data3orage

All field forms, photographsectronic data, and laboratory data will be stored by &S
Project Manager in an organized filing system for electronic or paper files. Location,
measurement, and sample result data will be evaluated through tli@alaationprocess
Results judged to be acceptable after all such steps are required to beamtdredvailable in
Ecologyds EI'M database

Continuous data will be stored Aguariustime series software angloadednto the EIM
databasegearlyfollowing datafinalizationprocedures.

Macroinvertebrate data will be stored in the Puget Sound Stream Benthos database (PSSB)
yearly following data finalization procedurbg Aquatic Biology Associates, Inander study
identification code SAM_LCU.

All laboratorydata will be provided in an electronic data deliverable (E@Dn&t. After receipt
of data,internal processingnd data finalizatiorthe data will be uploaded into the EIM database

annuallyp y CI| ar kDa@©oordirtatpnith assistance from Ecologys EI M Coor di
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11. Dat a Ver amidc &al odati on

Clark County will verify all data to evaluatke completeness, correctness, and
conformance/compliance tiedata set against the methaxd otherequirements.

LAJSField lead

Field staff will verify field results after measuring and before leathegite. They will keep

field notes to meet the requirements for documentation of field measurements. The field lead will
ensure

1 Field-collected data are consistergasonableandcomplete, with no errors or
omissions

1 Instrument measurement and converted values are within the acceptable
instrumentation error limtand expected range of values.

1 Methods and protocols spéed in this QAPP were followed.
1 Field QCprocesses spe@f in this QAPP weréollowed.

LAJSPrgect Manager
The LQUS Prgect Manager will verify:

1 Field-collected @ta are consistent, correct, and complete, with no errors or omissions.
Results ofapplicableQC samples accompany the sample results.

Establishedtriteria for QC results were met.

Data qualifiers are properly assigned where necessary.

Data specified in the Sampling Process Design were obtained.

Methods and protocols specified in this QAPP were followed.

Field forms are completandcorrect.

= =4 4 4 A 2

If alaboratorysuspectfiel d bl ank contamination, the | aborat
the Field Lead and the LIS Prgect Manager. The sample results will be reviewedhzy

LCUS PrgectManager and Fieldéad to determine if samples associated with the field blanks

should be qualified based on the contamination. Sample reslliitse flagged with a J if they

are less than, or equal to, 5 times the field blank concentration.

For macroinvedbrates, the ldoratory will verify all taxonomic results prior to reportiagd
submittal to PSSBEcology EAP stafaind SAM Scientiswill verify all taxonomic data
uploaded in PSSB and then submit them into EIM.

For continuous measurementsth on-site sensors (watéemperature, conductivity, stagé)e
accuracy and instrument bias of each sensor withMaduatedhrough postdepbyment

calibration checkalongwith deploymentfield verificationandretrieval Once continuous stage,
conductivity and temperaturete been uploaded to Aquarius, corrections will be applied to the
dataset using Aquarius software. Corrections needed may consist of cleaning, calibration, or
instrumental drift corrections.
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At least10% of field and laboratorylata entrywill be verified against field forms and laboratory
reports prior to final validation in the electronic dataliaseerify consistencyAll electronic
versiors of data will bere-verified usingcomputer programse(g, R or DataAccesd)y the Data
Manager beforgubmitting to EIM

LaboratoryData \érification

For the | aboratory measur ement o fnvauesshoume n t
be less than 280% depending on the indicatand will be checked through replicate samples
based on th#1QOsin section/. All accreditedaboratories used for the analyses will have their
own approved internal qualiyontol procedures, which will be confirmeshd documentedy
theLCUS Prgect Managerprior to sample submission.

If substantial discrepancies in the data are foundthere are two options for correction,
depending on whethe problem is identified:

1. If the problem is identified before the end of the sampling per{ddnel to September 30
for sediment chemistry and benthic indicatéhe end of the month for extended
parameters a repeat site viswill be made to reollect the sample. This may occur if the
data set is incomplete or incorrectly collected. Due to the-retated nature of chemical
and biological conditions, prodins identified in the chemical or biological data should be
addressed by again collecting the entire suite of chemitablogical indicators. Before
the second sampling, th€US Project Manager, Principdinvestigatorand Field Lead
must reviewin detailtheapplicable methods and procedurethis documen(including
references t&tatus and Trends Monitoring of Small Streams in the Puget Lowlands
Ecoregion QAPKLubliner, 2014) to ensureunderstanihg of the protocols. Equipment
should be cleaned and recalibrated ahecked for proper function.

2. If the problem is identified after the sampling peripthe data should be flagged and the
problem explained in a comment in the database. This will allow both internal and external
usersof these data to knothe limitations ohow these data may be used in projects. If the
data are incomplete, or if some data standard was not met, thealatat be used to
meet the objectives of the study design.

In either case, the Faxt Manager wil notify the SAM Scientistand the othepermitteesas
soon as possible afterarning of such a problem and which of the above corrective actions will
be taken.

For continuous parameters, if identified discrepancies are found that indicate sensor or data
logger malfunction, a site visit to correct the problauostoccur as soon as possible. Suspect
data prior to that time should be clearly flaggethe database and not useditsequent
analyses.

If any errors are found they will m®rrectedand theLCUS Prgect Managewmill check all of

the remainingassociatedield and laboratory datspreadshediles. This process will be repeated
until all errors are eliminated.
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Permanent records of @hvironmental dataill be madeavailablethrough online archives.¢.,
EIM).

12. Data Usability and Data Anal yses

DataQuality (Usability) Assessment

The data usability assessment follodataverificationand validation This involves a overall
assessmerdf the data package to determine whether the quality objectives have bdentimet
intended use of the da&a well ahow to treat notdetects and other issues. THeUS Prgect
Managerand Principal Investigator examitiee complée datasetto determinecompleteness
andcompliance with standard procedures outlined@¥S using professional judgent.

Determiningif Project Objectives were met

Following dataverification and validatiorthe data assessment will compare the gatkage

with project objectivegstablished at the beginning of the prajéfctheresults do not medhose
criteria, this will be explicitly stated in the annual reportiBgsed upon data accuracy criteria,
some data may be discardédhis is foundto be necessary, then the problems associated with
data collection, reasons data were discarded, and potential ways to correct sampling problems
will be reportedo the SAM Scientist

In some caseprojectobjectivesmay be modifiedif thatis judged tde necessary, the
justification for modification, problems associated with collecting and analyzing data, aswell
potential solutions will beeportedto the SAM Scientisaind discussed witthe permitteesSuch
adaptive management of tiggAPP must be approved by Ecology and the LC stakeholders

Treatment of Non-Detectsin Data Analysis

In the event that nedetectvalues from the laboratorypecome an issue and impede the ability to
perform the study (data censorship), statistical methatlbe used ¢ assign values to nen
detectsMethods fo performing statistical analysen non-detect datare found in Table 5 of
Western Washington NPDES Phase | Stormwater Permit, Final S8.D Data Characterization
20092013(Hobbsetal., 2019. Someindividual parametersnaybe detected less frequently
than others anohay therefordoe @nsidered a low priorityAny non-detectissues andtatistical
analysis performed during the study period will be detailed in thediatls and trendgport.

DataAnalysis

TheLCUS Project Manageis regonsible for analyzing the dasad providingreporslisted in
the Table 2.Staff writing the reportmustknow the caveats and limitations of the data and
corresponding analysesd be informed by field cremembers as to special conditions
encountered during samplinghis will increase the chags that the data apeoperly
interpreted.
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Expected dta analysedor the LCUS include:

Calculation of flow metrics: Usingthe continuous stage dafar each active sitealculate
flow metricsto determine flow altaationindicators known to correlate tological
conditionsin small streamdncluding but not limited télow reversals, §mean and Richards
Baker IndexRBI). Thesandicatorswill be calculated andeported as described in
DeGasperi et al. (2009) and Booth and Konrad (2017)

Descriptive statisticssummary: Describe basic features of the datigtribution and
frequency of values, detection frequencyath paameer including water quality,
watershed health, physical habisediment anthydrology derivedndicators Measured
values can be $§ipby meaningful group variables (or subgroups) and displayed by groups.
When comparing values between groups, statisticalysis such as-fest, ANOVA or
linearmodelor nonparametric analysesll be conducted to confirm the significance of
differences or any patterrSor anexamplesee section 2.0 in the final report on the 2015
SAM Puget lowland streams status assessment (DeGaspéri2018).

Multivariate statistical analyses Multivariatestatistical analysemayidentify keystatus
andtrends drivers Other analyses includgrmultivariate ordination and other learning
processesg(g, treebased method) can also be ddBasic exploratory data analyses may
also be utilized givelimitations of the dataset.

Status assessmeniThe assessment of stream condgiall be conduted either by
developing thresholds or by comparing to known critstieh astate vateror sediment

guality standards, and sediment screerengll Datafrom Lower Columbia regional sites
gathered by Department of EcologyOregon Department of Environmental Quatian

also serve as reference (ledsturbed) condition to asset$e status of target streams and
theregion. When standards mference conditins are not available, threshold values can be
set using peereviewed ecological literatur€or literaturederived values that provide a
meaningful comparisorsee section 2.6 in the fineeport on the 2015 SAM Puget lowland
streams status assessmerg@asperet al, 2018).

Trend assessmentTrend assessment will be ddiefowing the fourthyear of data
monitoringandeveryfive yearsthereafter

Adaptive Management of this QAPP

If a need is identified for adaptive changes tortfumitoring protoca or data analysis
approachespecified in this QAPRhe proposed revisi@s) to this QAPP must be detailed in a
separate memd.he memo will provide justification for the change(s) and the expected results
and impacts to data usabilityr the monitoring that has been conducted to date and that will be
conducted in the futurdny proposed changes must be approved by the SAM Scientist prior to
implementation. At the discretion of the SAM Scientist,dpproval proces®r substantive
changes to this QAPRayinclude discussion(s) witRermittees and other interested parties.

For changeto the study design (selected indicators, or frequency of their measurement), the
memoneeds tde submittedo theSAM Scientistoefore the field semnin which the changes
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are expected to be implemented, and with sufficient time for review, discussion, and approval by
stakeholders.
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13. Reporting

The LAUS Prgect Manager will preparand submiannualrepors and trendeportsas
describedn the IAA between Ecology and Clark County

LCUS annualrepors will typically includesummary otcomplete resustof theprior wateryear.
Repors will provide discussion regardingpw indicators,benthic macroinvertebrate indicators,
habitat conditions, sediment chemistry and water chenfistmeasured)Reportswill include
status of streams lgompamg of LCUS findings toappropriatdbenchmarks for each indicator
Each annuamonitoringreportwill include summay statistics, descriptive maps aexplanatory
variables assessment.

Trend report will be completed eery five years beginning aftefour water years of monitoring
Trendrepors will describeoverallregionaltrendsfrom inception of monitoring to the current

yearand identify drivers of stream health status and treh@sndrepors will include a section

on each of the types of @aanalysis listed isection12and t he Pri nci pal |l nves
and conclusiong®m having conducted these analyses.

Reviewof Reports

Draft repors will be shared for review by a technical review committee consistipgrofittees

SAM scientistand other interested partiédter addressing he t echni c al review
commetts, Clark County wilcomplete the final report.

Distribution of Reports

The LCUS Project Manager will send electronic (both MS Word and pdf) and paper copies of all
reports to the SAM Scientist. Links to online copies of the final reports and othardbles

will be posted on the SAM webpage.

Electronic copies of reports will be posted onRaeific Northwest Aquatic Monitoring
Partnership (PNAMPyebsite to reach a broad regional audience. THé3 Brgect Manager
will provide PNAMP with pdf copies of afinal reports to be posted on PNAMP webpages.
Clark County will senaémail notificatiors, with links to the online repasitto the full list of LC
HSTM interested parties and to other interested partiesifide during the implementation
phase of program developmeRtyAMP staff will assist with this distribution.
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14. Audi t s

Field, laboratory, and other audéssure that QAPP elements are implemented correctly. The
quality of the data must be determinedt acceptable, and corrective actions must be
implemented in a timely manner. There are two components of the auditing process:

1  The Technical Systems Audité®nducted during the study. Staff and Eneld Lead
evaluategualitativeconformance to thprocedures discussed in tiggAPP.These
evaluations include field collection activities, sample transport, laboratory processing,
and data management components of the program.

1 Proficiency Testing is the quantitative determination of an analyte in adtandard
to evaluate the proficiency of the analyst or laboratory. This audit is included for
analysis of water quality samples as a routine procedure in the accredited laboratory.

Theseaudits are conducted during the stustythatany necessargorrectve actions can be
implemented early in the project. Corrective actions wileddyy the LAOJS Prgect Manager
and reviewed and approved by &M Scientistas soon as possible. Audits at the end of the
study by the project lead or partharenecessary as part of data usability assessment and
uploading to the EIM database. At any pointjradependent partye(g, state agency staff)
couldbe identified by thérgect Manageito conduct a study audit.
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Appendix A:Procedure for Conductivity Maintenance, Calibration, and Fouling
Drift

Trend site calibration and fouling drift correction for Campbell Scientific CS847A

Conductivity and Temperature Probe:

The CS547AL has been factory calibrated and doesmeed to be recalibrated under normal

use unless the diameter of the measurement cavity changes because of corrosion or abrasion
(Campbell Scientific). However, a field calibration may be performed in accordance to
manufacture instructions 8.1.4.

To chek for drift and/or fouling the following procedure will occur during deployment (Steps 1
2, and 7) and a site visit (Stepg)lapproximately every 2 months:

1. A calibrated, NIST temperature checked, ProDSS water quality meter will be placed into the
streamalongside the conduit containing the CS547And allowed to equilibrate (See Below for
ProDSS calibration SOP).

2. Measurements will be recorded at the same time from both the CS84&Ad ProDSS
conductivity and temperature. Remember that data is colldateery 15 minutes. Make sure
that you are recording on a 15 minute interval.

3. TheCS547ph g Aff GKSYy 06S NBY2OSR FNRBRY (GKS O2yRdzA i

instructions.

4. Flush the conduit with stream water to remove built up silt and debris impediiadlow of
water through the conduit.

5. The CS547A will then be placed back into the conduit and allowed to equilibrate.

6. A measurement will then be recorded for both the CS5#7ad ProDSS conductivity and
temperature. Remember that data is collected ev&b minutes. Make sure that you are
recording on a 15 minute interval.

7. These measurements will be analyzed back in the office using Aquarius software to correct

calibration if greater than 1@and fouling drift.

Status site calibration and fouling driforrection for HOBO U24 Conductivity and Temperature
Logger:

ThggHOBO U24 conductivity logger measures actual conductivity and temperature. Post data
processing will yield Specific conductance data. Calibration of the HOBO U24 is performed in
accordance&vi t h t he manufactureds manual

To check for drift and/or fouling the following procedure will occur during deployment (Steps
1-2, 8) and a site visit (Steps8) approximately every 2 months:

1. A calibrated, NIST temperature checked, ProDSS water quality meter will be placed into the
stream alongside the conduit containing the HOBO U24 and allowed to equilibrate (See Below
for ProDSS calibration SOP).

2. Measurements will be recorded for the ProD®8ductivity and temperature. Remember that
data is collected every 15 minutes. Make sure that you are recording on a 15 minute interval.
(These measurements will be compared to the HOBO U24 measurement readings back in the
office using HOBOware PRO Cartility Assistant software for calibration drift.)
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instructions.

4. A data download will be performed.

5. Flush the conduit with stream water to remove built up silt and debriseidimgy the flow of
water through the conduit.

6. The HOBO U24 will then be redeployed into the same position within the conduit and allowed to
equilibrate.

7. A measurement will then be recorded ProDSS conductivity and temperature. Remember that
data is collecte@very 15 minutes. Make sure that you are recording on a 15 minute interval.
(This measurement will be compared to the HOBO U24 measurement reading back in the office
using HOBO PRO Conductivity Assistant software for fouling drift)

8. These measurements wile analyzed back in the office using Aquarius software to correct
calibrationif greater than3 %and fouling drift.

Procedure for Stage Maintenance and Drift
Trend site stage for Campbell Scientific CS451 Pressure Transducer:
The CS451 has been factory calibrated and drift will be corrected using on offset calculation
factoring in sensor zero offset, installation, related datum, and manual staff plate measurements.
To check for drift and/or fouling the following procedure waiticur during a site visit
approximately every 2 months:
1. Take a manual stage measurement.
2. Drift will be compensated by taking manual readings of stage plates for the calculation of offset
when greater than 0.03 ft. This offset calculation will be entéreéd LoggerNet or PC400
software

Status site stage for HOBO MX Water level logger (MX20Q):
The HOBO MX200101 has been factory calibrated. This logger records temperature data,
absolute pressure, and barometric pressure. Absolute pressure will beembto/evater level
using barometric pressure compensation. The water level at each site will then be tied to a datum
to calculate stage.
To check for drift and/or fouling the following procedure will occur during a site visit
approximately every 2 months

1. Take a manual measurement of the stage. Drift will be compensated by taking manual readings

of stage when greater than 0.02 ft.
2. A data download will be performed.
3. Manual stage measurements will be compared to logger data for offset calculation.

Calibration SOP for ProDSS
Temperature: Recalibration by laboratory is necessary if off by’G.2
1 Fill bucket with tap water.

i Place sonde in bucket and let acclimate for 5 to 10 minutes.
1 Use NIST thermometer to verify temperature reading.
1 Recordemperature readings.
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Conductivity: One point calibrationRecalibration is necessary if off by £3 uS/cm.
1 Rinse sonde with tap and then two more rinses with conductivity standards

9 Fill calibration cup to the second line (top line) (this is because théumivity probe has two
vent holes further up the probe where the sensors are located)

91 Press calibration button, conductivity, and then Sp Conductivity

1 Highlight calibration value and input pS/cm form the standard that will be used. Usually 146.9
uS/cm

9 Accept calibration once reading has stabilized.

1 Record reading and post calibration reading.
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Appendix B: Monitoring Sit&etUp Field Form

CLARK COUNTY PUBLIC WORKS, CLEAN WATER DIVISION

Site Information Form

Station Name Site Type  Trend or Status

Station #

Date of Site Set Up

Equipment at Gage Serial Number

Stage probe

Conductivity probe

Temperature probe

Data Logger

Batteries

Modem

Antenna

Solar Panel

Solar Panel Controle|

Site Conditon

Date

Stream Reach Type
where gage is located

STATION NOTES AND OBSERVATIONS
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AppendixC Health and Safety Plan

Health and Safety Plan

Phone Numbers

Jeff SchnabelClark County Clean Water Interim Division Manager
564-397-4583

Scott GageClark County Safety & Health Coordinator (Risk Management)
564-397-1606

Chad Hoxeng, Natural Resource Specialist 11|
564-397-4018

Bob Hutton,Natural Resource Specialist Il
564-397-4868

Marlena Milosevich Natural Resource Specialist Il
564-397-4282

Ben Joner, Natural Resource Specialist 11
564-397-5874

Problems locating someone within Clark County? Call:
564-397-2446 (or just 2446 from eounty extension)

Equipment Services Direct Line

564-397-2301
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Communication Tree for Emergency

Field Partner

S
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Anticipated potential hazards
See appendix: Natural Resource Specialist job Hazard Analysis
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